Pulse transit time (PTT) has shown to be inversely correlated with blood pressure (BP). 1 However, there is limited understanding in the current literature about the potential use of PTT-related measurement in assessing the ratio of the crural and brachial BP or the ankle brachial index (ABI).
As the ABI method is accurate in detecting the decreased BP distal to an arterial stenosis, it is often used to assess peripheral arterial occlusive diseases like atherosclerosis or ischaemic extremity. Since its introduction, ABI has been widely used in clinical studies to assert its diagnostic and epidemiological value. 2, 3 Conventional indirect approach to measure ABI is to assess the ratio of systolic BP (SBP) at the level of the ankle to that at the arm level by using a sphygmomanometer. This may cause discomfort to children if prolonged monitoring is required. Other indirect techniques like Finapres, Portapres and Finometer are also introduced progressively for both research purposes and clinical medicine in this respect. 4 However, as with traditional BP measurement, the underlying measuring principles are primarily to occlude fully the measured artery at the beginning of the measurement and to maintain cuff pressure at regular intervals. 5 A simple non-invasive physiological measure termed as PTT has shown its usefulness in clinical studies. 6, 7 PTT is generally used as an indirect measure associated with changes in the arterial wall stiffness that is in turn affected by BP changes. It can be defined as the time delay between the R-wave of an electrocardiogram (ECG) and the corresponding pulsation at a selected periphery detected by photoplethysmography (PPG) of a pulse oximeter. Other studies also suggest that vascular diseases and/or peripheral abnormalities can be identified by observing the time characteristics of either the ECG or PPG signals. 8, 9 Currently, limited work is available to affirm the potential of PTT as a surrogate ABI marker. Hence, the objectives of this study were to: (1) assess the normal range values of PTT ratio (PTTR) between the upper and lower limb of healthy children and (2) determine if age contributes to the observed PTTR changes.
This was a continuous investigation of a previous study that included 55 healthy Caucasian children (39 male) with their mean age of 8.472.3 years. 6 The number of children in each age group were 5 years (n ¼ 8), 6 years (n ¼ 5), 7 years (n ¼ 8), 8 years (n ¼ 8), 9 years (n ¼ 6), 10 years (n ¼ 6), 11 years (n ¼ 8) and 12 years (n ¼ 6). Mean SBP was 107.478.6 mm Hg, diastolic BP was 65.977.9 mm Hg and heart rate (HR) was 86.1712.6 b.p.m. In addition, they neither had peripheral arterial disease (normal ABI X1.0) nor were they obese (body mass index p25.0). The data used in this study were collected previously and full experimental details were documented elsewhere. 6 Institutional ethical approval and informed consent from the child and/or parent were obtained. A standalone PTT device previously described (with a 1 ms resolution) 6, 7 was used in conjunction with an ECG monitor (S&W Medico, Teknik, Denmark) and a pulse oximeter (Novametrix Medical Systems Inc., Wallingford, CT, USA). As the PTT technique can be highly temperature sensitive, all measurements in the study were performed in a typical sleep laboratory at a controlled ambient temperature of 251C and between 0900 and 1100 h.
The child was first requested to rest for 5 min for cardiovascular stabilization. PPG signal was then measured on an index finger and second toe on the same side of the body. The PPG signals were measured in conjunction with the ECG signals. Both PTT limb examinations were performed for 2 min with the child sitting back on the chair and arm resting on the chair. This procedure was adopted to minimize the possible effects hydrostatic pressure has on the BP at the arm. 10 Furthermore, younger children were more cooperative in the sitting posture during the recordings. It had been suggested that this posture was a reasonably good predictor of plethysmographic lung volumes. 11 Thereby, any variations in respiratory effort or breath-based BP changes can then be better reflected by the PTT parameter. 7 Moreover, BP and HR variances in either sitting or standing can be considered equivalent or close so that values attained in either posture can be handy for deriving values in situations in which the other cannot be readily adopted. 11 A minimum of 30 PTT estimates from each periphery and free from motion artefacts were obtained. Thereafter, the child's BP measurements were obtained. Statistical computation of the data obtained was performed using the Matlab Release 14 (The MathWorks Inc., Natick, MA, USA) and Excel 2003 (Microsoft Corporation, Seattle, WA, USA) packages. A single sample Kolmogorov-Smirnov (K-S) test of distribution was used to determine if the data acquired was normally distributed. Furthermore, for continuous data the paired Student's t-test was used for withingroup comparisons and correlations were assessed using Pearson's correlation. A value of Po0.05 was considered as statistically significant in this study.
Timing measures from the recruited 55 children were computed and tabulated according to their age group. Mean PTT values obtained from the upper and lower limb examinations for each child were used in the PTTR computation. It was observed that all associated PTTR variations were within 75% from the mean. Data obtained from the study population were normally distributed on the basis of a K-S test. Figure 1 shows that the mean PTTR obtained were 1.24470.031 with its maximal and minimal values being 1.305 and 1.187, respectively. A significant correlation between the ABI and transit time ratio was obtained from the recruited children (Po0.05; R 2 ¼ 0.782). An expected agerelated increase was observed in both the limbs PTT measurements but there was no correlation (R 2 ¼ 0.009) observed between age and PTTR for these children. Based on the statistical analyses results, it revealed that PTTR did not have significant differences (P40.05) across the age groups in the study population. Similarly, no significant agerelated difference (P40.05) can be observed in their corresponding ABI.
From this study, nominal data on PTTR in healthy children and its potential use are presented. Conventional sphygmomanometer-based techniques for ABI measurements are poorly tolerated in studying less cooperative children for multiple prolonged periods. Thus, a simple and non-intrusive method like PTTR shows promise from this perspective. It is well recognized that children of different ethnic background may have different body proportions. In clinical and research studies, gender and ethnically appropriate reference values are essential for interpreting other anthropometric results like lung functions. 11 The ratio-based PTT measure as proposed herein can serve to fill in such deficiency in measurements. By this approach, PTTR is independent of inter-child difference in arterial distensibility that is often observed with respect to age, ethnic or gender owing to its derivation methodology. By using the transit time between the finger and leg, any inter-child difference is extrinsic to the computed ratio. Similar to the ABI function, PTTR can potentially be used to resolve the difficulties in interpreting the SBP ratio at the ankle to arm level in children whose standing height cannot be reliably recorded like those with limb and spine deformities or neuromuscular disease. To the knowledge of the authors, this study is the first systematic evaluation of transit time derived from the finger and toe peripheral sites as a ratio-based measure in a healthy paediatric population.
It is acknowledged that there are some limitations to the study. First, the present study does not include children with peripheral arterial occlusive diseases. However, this is a preliminary study to understand the normality of the PTTR parameter in children before pathological populations are recruited for further investigations. Second, the accuracy of PTTR in the study was not validated against the gold standard or the direct method like an intra-arterial catheter. However, previous study suggests that when calculating the ABI, the accuracy to predict BP difference may become as important as the reliability because the ABI is the ratio of two non-invasive BP. 12 Moreover, the inverse correlation between BP and PTT changes has already been What this study adds K The introduction of transit time observed at the lower limb as a ratio to the upper limb as a surrogate ABI. K Similar to ABI, this ratio-based method is not limited to intersubject difference such as age and gender but it reflects intrasubject arterial compliance difference in the upper and lower periphery. K The transit time method can be more accommodating to children as it does not apply cuff pressure on the measured peripheries as that of the conventional ABI method.
Abbreviations: ABI, ankle brachial index; BP, blood pressure.
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